Morphological early-type galaxies residing in the blue cloud (blue E/S0s) could be nice laboratories to understand the physical processes that provoke galaxy migrations in the color-mas space. We define blue E/S0 galaxies as objects having a clear early-type morphology on the HST/ACS images but with a blue rest-frame color. We isolate this way 210 I AB < 22 blue early-type galaxies with M * /M ⊙ > 10 10 in the COSMOS field located in three redshift bins (0.2 < z < 0.55, 0.55 < z < 0.8, 0.8 < z < 1.4) and study their properties (number density, SFR, morphology, environment, size). Above log(M * /M ⊙ ) ∼ 10.8 blue E/S0 resemble to merger remnants probably migrating to the red-sequence in a time-scale of ∼ 3 Gyr. Below this mass, they seem to be closer to normal late-type galaxies as if they were the result of minor mergers which triggered the central star-formation or were rebuilding a disk from the surrounding gas in a much longer time-scale, suggesting that they are moving back or staying in the blue-cloud.
Introduction
It is well established that there is a clear bimodality of the galaxy distribution in the color-mass space. The red sequence (RS) is mostly composed by red, passive early-type galaxies and the blue cloud contains blue, star-forming latetype galaxies. One fundamental point is to understand the mechanisms which drive the building-up of this relation.
The blue cloud and the red sequence are not uniformly distributed in the color-mass space. Red galaxies indeed dominate in number at large stellar masses and the crossover stellar mass between late and early-type galaxies has been called bimodality mass (M b ) (Kauffmann et al. 2006 ). Recent high-redshift studies have shown that this bimodality mass has evolved downward over time 2 from M b ∼ 1 − 2 × 10 11 M ⊙ at z ∼ 1 to today's crossover mass (M b ∼ 3 × 10 10 ) (Bundy et al. 2005) . This has been interpreted as another signature of the downsizing effect (Cowie et al. 1996) in the galaxy formation processes. The mechanisms that lead this mass-dependent transition are still unclear. We need processes to quench the star formation above a mass threshold such as gas loss caused by AGN feedback (e.g. Silk and Rees 1998), consumption of all available gas in the wake of violent merging (e.g. Hernquist and Mihos 1995) , ram-pressure stripping/harassment in clusters that turns off efficient cold gas accretion (Quilis et al. 2001) .
In that sense, it becomes interesting to study failures in the bimodal scheme since they can represent objects in transition, and can bring some light about the physical proceses driving galaxy evolution. As a matter of fact, some recent studies have pointed out that the basic morphology-color correlation begins to fail for low massive objects as morphologically defined E/S0 galaxies start to appear in the blue sequence in z = 0 surveys (e.g. Kannappan et al. 2009 ) and at higher redshift (e.g. Ilbert et al. 2006) .Their intriguing mismatched color-morphology could indicate a transitional state in color (e.g. a fading starburst galaxy after a merger which will normally move to the red sequence), in morphology (e.g. a disk-building system which is therefore moving back to the blue-cloud) or a combination of both (e.g. a gas-rich merger remnant regenerating a young disk from tidal debris). In other words, blue early-type galaxies might be moving from the blue-cloud to the red-sequence, from the red-sequence to the blue-cloud or within the blue-cloud. Identifying and understanding these movements should give new clues about the building-up of the morphology-mass bimodality.
Dataset and sample selection
We use the public available zCOSMOS 10k sample corresponding to the second release of the zCOSMOS-bright survey (Lilly et al. 2007) . We cross correlate this catalog with a morphological catalog obtained on ACS images up to I AB < 22 in order to have both the spectroscopic redshifts and the morphological information. Details about the morphology can be found in Huertas-Company et al. (2009) . Basically we separate galaxies in two broad morphological types (late and early-type). By late-type we mean spiral and irregular galaxies and early-type galaxies include elliptical and lenticular types. Stellar masses and rest-frame colors are computed by SED fitting on the primary photometric COS-MOS catalogues. The final catalogue contains 6240 galaxies with magnitudes ranging from 18 < I AB < 22.
3 Main properties of blue sequence E/S0 galaxies We define blue early-type galaxies as galaxies with an elliptical morphology (p > 0.5) but which SED best fits with a blue template (starburst). The majority of them appear to be symmetric and with light concentrated towards the center of the galaxy which explains why they are classified as early-type. Their SED indicates however an on-going star formation. The blue E/S0 galaxies are located in the so-called blue cloud at the same position as normal blue spiral galaxies. Figure 1 . Radius-stellar mass relation at different redshifts. Open circles are red E/S0 galaxies, black points are blue late-type systems and filled circles are blue early-type galaxies. Vertical dashed lines show the threshold mass at different redshifts. Solid line indicates the best fit line for red E/S0 galaxies.
Blue E/S0s represent ∼ 6% of the whole sample (210 galaxies). However, the distribution of these objects is not the same at all masses. We find that below a threshold mass, they start to become abundant (∼ 20% − 30% of the total E/S0 population). This threshold mass seems to evolve with redshift, rising from M t ∼ 10.1 ± 0.35 at z ∼ 0.3 to M t ∼ 10.9 ± 0.35 at z ∼ 1.
Globally, blue E/S0 galaxies are closer to red E/S0 than to late-type systems in the M * − radius relation (Fig. 1) at all redshifts. This fact confirms the morphological classification. We detect however some tendencies with the stellar mass. It seems that, below a given mass, blue E/S0 galaxies tend to deviate from red E/S0 in the M * − radius plane and lie closer to normal star-forming late-type galaxies. In order to quantify this deviation we perform a linear fit to the M * − radius of red E/S0s and compute the median distance of blue E/S0 galaxies to the best fit line as a function of mass. It rises from ∆r half /r half ∼ 0.1 Kpc for log(M * /M ⊙ ) > 10.5 to ∆r half /r half ∼ 0.5 Kpc for log(M * /M ⊙ ) < 10.5. The transition mass does not seem to change significantly with redshift.
The measured SSFR (with the equivalent width of [OII]λ3727Å line measured with zCOSMOS DR2 spectra and stellar masses) is comparable for the blue E/S0 and the normal star-forming late-type population. Only for very massive blue-early type galaxies, above the threshold mass, we seem to detect outliers in this relation. These galaxies have indeed high specific star formation rates (> 10 2.5 Gyr −1 ) which are characteristic of a post-merger phase.
Discussion and conclusions
We observe that all the outliers in the linear SSFR-M * relation are located above log(M * /M ⊙ ) ∼ 10.8 at all redshifts. This high SSFR is in fact characterisitc of strong starburst (e.g. Springel et al. 2005 ) and these objects could be galaxies experiencing a violent episode of star formation in a post merger phase. Their normal evolution would therefore be a migration to the RS after consumption of the available gas. This later affirmation is also supported by the r half -M * relation in which we can see that massive blue E/S0 galaxies tend to fall within the same region as passive red E/S0s at all redshifts (Fig. 1) .
According to numerical simulations of mergers of massive gas-rich galaxies, the typical time scale to move from the blue cloud to the RS after a major merger event is ∼ 2 − 3 Gyr (Springel et al. 2005) . Consequently, if the most massive blue E/S0 galaxies were indeed galaxies in a post-merger phase, we could expect a decrease of the density of these objects in this time interval since we expect a decrease in the merger rate with cosmic time (e.g. Le Fèvre et al. 2000) . In order to check this, we have computed the number density of blue E/S0 galaxies in two redshift bins of 3Gyr each (0.2 < z < 0.55 and 0.55 < z < 1.2) for two mass regimes. The number density of the most massive blue E/S0 galaxies (log(M/M ⊙ ) > 10.8) decreases from z ∼ 0.8 to z ∼ 0.1 of a factor ∼ 2. This suggests that these galaxies have time to move to the RS in less than 3 Gyr, as expected from major merger remnants.
At lower masses (log(M * /M ⊙ ) < 10.8) however, the SSFR of blue E/S0 is similar to the one of star-forming late type galaxies suggesting that these galaxies are more similar to normal disks. Moreover, if we look at the r half -M * relation ( Fig. 1) we do see that these galaxies start to deviate from the relation of passive E/S0 and lie between the late-type and the early-type zone. They are consequently smaller than normal rotating disks at the same redshift but larger than spheroids. This suggests that these galaxies might evolve differently than their massive counter-parts. In any case, the main driver of their evolution should have time scales larger than 3 Gyr since we do not observe a decrease in their number density in this time interval. Our guess is that they can evolve by fading until becoming normal disks, they can be rebuilding disks from surrounding gas (Governato et al. 2007 ) as suggested by (Hammer et al. 2001) or they can have built a bulge component through minor mergers and be in a reddening phase or morphological quenching phase as proposed by (Martig et al. 2009 ). Future 3D spectroscopy would be useful to get more details about the nature of these objects.
